Abstract: Excess deaths due to pneumonia and influenza and excess deaths for all causes were estimated using a time-series analysis for each of the eight influenza epidemics in the United States that occurred between 1967-1978. The effects of different analytic methods and different methods of structuring data are compared. Future directions for estimating the impact of influenza on mortality include a combination of regression techniques and multiple time-series analyses of surveillance data. (Am J
Introduction
Currently, mortality data are used to detect influenza epidemics and to measure their intensity. Until 1980, the Centers for Disease Control (CDC) used a modification of the Serfling regression procedure to estimate excess mortality during influenza epidemics.' Recently, CDC adopted a potentially more accurate method, the seasonal autoregressive integrated moving average (ARIMA) model, which estimates the expected mortality using a time-series analysis of historical mortality data. [2] [3] In this paper we use final (not estimated) mortality data for the years 1967 to 1978 from the National Center for Health Statistics (NCHS) to compare different analytic techniques for estimating the excess mortality associated with eight influenza epidemics in the United States, and to determine the effects on these estimates of grouping data by week or by month.
Methods

Excess Death
The excess of pneumonia and influenza (or all causes) deaths for a given time period is defined to be the difference between the observed number of pneumonia and influenza (or all causes) deaths and the number expected to occur in the absence of an influenza epidemic. All three techniques discussed in this paper estimate the excess mortality as the difference between observed and expected mortality.
An epidemic was defined as a significant rise in mortality in 121 cities monitored by CDC in a period when there was widespread reporting of influenza-like illness and laboratory isolates of circulating influenza virus.2-3 Deaths due to pneumonia and influenza were defined to be those in which influenza (Tables 1 and 2 ). The Clifford/Alling method, on the other hand, showed much lower estimates from monthly data during three epidemic periods, including one (1974) (1975) during which no excess mortality was estimated. When the time-series model and the Serfling method were applied to weekly data, the estimates of excess deaths from all causes were higher than those obtained using monthly data although the numbers of deaths specifically attributed to pneumonia and influenza were comparable. Pneumonia and influenza usually accounted for 25 to 35 per cent of all excess deaths during these epidemic periods.
The time-series model provided a more accurate forecast of the weekly number of deaths with a smaller standard deviation of the error (Tables 3 and 4) . A similar but less striking improvement was observed with monthly data. For approximately 70 per cent of the non-epidemic weeks, the error offorecasting the expected deaths from all causes using the time-series procedure was less than 3 per cent (Table 3) . The forecasts of pneumonia and influenza deaths using timeseries analysis of monthly or weekly data were more frequently clustered around the observed number during nonepidemic periods except that the Serfling model gave a slightly greater number of forecasts within 10 per cent of the observed number during the 108 non-epidemic months between 1967 and 1978. Similarly, by either method, there was a smaller standard deviation of the error in estimating expected number of deaths from all causes, than in estimating number of deaths from pneumonia or influenza only.
Discussion
As in previous studies, time-series analysis of weekly data proved more accurate than those obtained using the Serfling method.2-3 However, the accuracy of estimation of the number of expected pneumonia and influenza deaths per month using the time-series procedure was no better than the accuracy provided by the Serfling method. The time-series procedure will provide a more accurate estimate of deaths from all causes versus deaths attributed to pneumonia and influenza and weekly versus monthly data because of the larger number of data points available for analysis.4 Estimates derived from the regression model should not improve appreciably with increasing data. The accuracy of the estimates of the Clifford/Alling procedure could not be assessed because that method does not forecast expected numbers of deaths but defines the number of excess deaths retrospectively from past data.
There are two major differences between the Clifford/ Alling method and those procedures developed by Serfling and by Choi and Thacker: the former estimated expected mortality retrospectively, while the latter two procedures forecasted their estimates prospectively. The former used the relationship among the observed mortality, exogenous variables (including pneumonia and influenza morbidity), and time to estimate expected mortality. Serfling expressed mortality only as a function of time, assuming that expected mortality would follow a regular seasonal pattern with a slowly decreasing long-term trend. The ARIMA model is sensitive to recent changes in mortality and utilizes the relationship among the reported number of deaths, as well as the relationship between mortality and time, to forecast expected mortality. Unlike regression procedures, the ARIMA model also has the optimal property of the minimum mean squared error of forecasting when a correct model is fitted to the past data.4
There are two deficiencies in the current definitions of excess deaths. First, estimates for a given epidemic will be different if one uses different units of time (e.g., week versus month) for the duration of an epidemic. Consequently, the adjusted sumn of weekly excess deaths is different than the total monthly excess deaths, even when the identical estimation procedure is used. Second, precise estimation of onset and end of an epidemic is not obtainable from the analysis. A more accurate estimation of excess deaths must overcome these deficiencies and should use all the available data, not just non-epidemic mortality. The next step to develop more accurate methods of estimating excess deaths is to integrate the regression techniques of Clifford/Alling with the ARIMA model in order to incorporate multiple factors into the measurement of the impact of influenza on society. Those investigating complaints from workers at soldering operations can usually find nothing in air samples to justify such complaints, although the investigators themselves may experience eye irritation. Investigators of smoking on aircraft found carbon monoxide and other air contaminants far below any environmental limits,' yet passenger irritation was sufficient to cause the federal government to mandate aircraft No Smoking areas. In the cases cited, the irritation was evidently from material in a visible smoke plume rising from the soldering iron or from the cigarettes, respectively: concentrations in these small plumes might be high, although average air concentrations were so low as to be negligible.
We investigated the nature of such smoke plumes and concentrations of two specific irritants in cigarette smoke. 
Materials and Methods
A cigarette was placed in a holder and lighted. Once each minute a solenoid controlled valve opened for two seconds allowing a pump to draw a 35 cm3 volume through the cigarette. This "main-stream" smoke was exhausted into a fume hood.
The diameter of the smoke plume (D) was measured visually on a millimeter scale. The velocity of the smoke plume (V) was measured by: a) inserting a heated thermocouple anemometer into the plume, and b) timing the rise of the "puff" between measured points. Core smoke stream flow rate then equaled
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Smoke was collected close to the cigarette tip in an inverted cone-shaped hood. The smoke was drawn through two midget impingers in series to collect the aldehydes. When particulate-free smoke was desired, a glass fiber filter was inserted in the line.
The collecting solution was 1 per cent sodium bisulfite. Formaldehyde was analyzed by the chromotropic acid procedure, and acrolein by a modified mercuric chloride-hexylresorcinol procedure.4
Cigarettes were smoked in a 2.5 m3 chamber. Relative particulate concentrations were monitored by a photometer, and samples for total suspended particulate were collected on filters. Formaldehyde was collected as before.
Results
The smoke stream diameter was measured as 2 mm. The average smoke stream velocity was 0.2 m/s, giving a flow rate of 6 x 10-7 m3/s or 40 cm3/min. closed room,2 and in a climatic chamber where subjects experienced strong irritation.3 The degree to which these vapors were associated with the particulate phase also appeared important both from the standpoint of judging relative hazard and of controlling the irritant.
